ABSTRACT: Bitterness and pungency are important parameters for olive oil quality. Therefore, two instrumental methods for evaluation of these taste attributes were developed. The first one is based on the photometric measurement of total phenolic compounds content, whereas the second one is based on the semiquantitative evaluation of hydrophilic compounds by highperformance liquid chromatography−mass spectrometry (HPLC-MS). Evaluation of total phenolic compounds content was performed by a modified method for the determination of the K 225 value using a more specific detection based on the pH value dependency of absorbance coefficients of phenols at λ = 274 nm. The latter method was not suitable for correct prediction, because no significant correlation between bitterness/pungency and total phenolic compounds content could be found. For the second method, areas of 25 peaks detected in 54 olive oil samples by a HPLC-MS profiling method were correlated with the bitterness and pungency by partial least-squares regression. Six compounds (oleuropein aglycon, ligstroside aglycon, decarboxymethyl oleuropein aglycon, decarboxymethyl ligstroside aglycon, elenolic acid, and elenolic acid methyl ester) show high correlations to bitterness and pungency. The computed model using these six compounds was able to predict bitterness and pungency of olive oil in the error margin of the sensory evaluation (±0.5) for most of the samples.
■ INTRODUCTION
High-quality olive oil is characterized not only by the characteristic green and fruity odor notes but also by a well observable bitter and pungent taste. Whereas the aroma of olive oil is based on the presence of volatile aroma-active compounds, the bitter and pungent taste is caused by nonvolatile hydrophilic compounds. 1 The latter compounds are mainly hydrolysis products of oleuropein and ligstroside, two secoiridoid glucosides characteristic of the Oleaceae. These compounds are also responsible for the relative high resistance of virgin olive oil against oxidative spoilage and play an important role in the health benefits, which are commonly associated with virgin olive oil in the "Mediterranean diet" concept. 2 In this paper, the influence of hydrophilic phenols on organoleptic properties of virgin olive oil is studied. The bitterness and pungency intensities are parameters for the sensory evaluation of olive oil quality, the so-called "Panel Test" developed by the International Olive Council. 3 Sensory results performed by well-trained panelists are reproducible and comparable with other panels. The disadvantages of sensory quality evaluation are (i) the lack of stable and standardized reference oils with different intensities of bitterness and pungency and (ii) the large number of panelists that is needed for statistically confirmed results. 4 Several investigations in identifying hydrophilic phenols in olive oil were carried out in the past, 5−10 but only in a few studies, an instrumental method was developed as an alternative to sensory evaluation for olive oil quality: The most common method is the determination of the so-called K 225 value developed by Gutieŕrez Rosales et al. 11 Calculation of the K 225 value is based on the absorbance at λ = 225 nm of the polar extract from olive oil obtained by solid-phase extraction. Beltrań et al., 12 Mateos et al., 13 and Inarejos-Garcia et al. 14 developed alternative methods for the determination of the K 225 value, which are more selective for phenolic compounds. Selectivity improvements were achieved by using colorimetric detection after reaction with the Folin−Ciocalteau reagent, photometric detection combined with a pH gradient, or fluorimetric detection. Other methods for instrumental evaluation of olive oil bitterness are based on quantification of the main hydrophilic phenols oleuropein aglycon, ligstroside aglycon, decarboxymethyl oleuropein aglycon, and decarboxymethyl ligstroside aglycon in olive oil by high-performance liquid chromatography (HPLC). 9,15−17 The authors of these studies obtained inconsistent results with respect to the influence of the different phenols. The difficulty in linking dedicated compounds to the taste attributes bitternesss and pungency is highlighted in a recent perspective article: "There is still controversy about which individual phenols are the main contributors to taste attributes." 4 It is still not clear which compounds are mainly responsible for the bitter taste and how they have to be weighted in regression models. Furthermore, there is only limited knowledge about the correlation between the pungent taste and the contents of hydrophilic compounds in olive oil. Andrewes et al. identified the decarboxymethyl ligstroside aglycon as a pungent compound in olive oil, but correlation between quantitative data and sensory data was not verified. 18 In this work, we show that evaluation of bitterness and pungency of olive oils from different varieties and region of origin is not possible by determination of the total phenolic content. Even quantification of single hydrophilic phenols does not result in a reliable prediction model for bitterness and pungency and is no alternative to the photometric determination of total phenolic components. The main goal of this study was to set up a HPLC−high-resolution-MS profiling method to screen for additional potential bitter or pungent hydrophilic compounds. Thus, a profiling method in combination with sensory data and statistical analysis should be a helpful tool for identifying all relevant bitter and pungent components and should give new evidence for alternative approaches to set up prediction models for bitterness and pungency in olive oil.
■ MATERIALS AND METHODS
Reagents and Materials. Chemicals. The following compounds were obtained commercially: 3-hydroxytyrosol, tyrosol, 4-hydroxyphenyl acetic acid, acetic acid, boric acid, and orthophosphoric acid from Aldrich (Steinheim, Germany). HPLC-grade (supra gradient grade) acetonitrile was purchased from Bischoff Chromatography (Leonberg, Germany). Formic acid was of analytical grade (∼98%) and purchased from Fluka (Steinheim, Germany). Water was purified using a TKA ultrapure water system (Thermo Fisher Scientific, Niederelbert, Germany). Briton-Robinson buffer preparation was as follows: 5 mmol of acetic acid (300 mg), 5 mmol of boric acid (309 mg), and 5 mmol of orthophosphoric acid (490 mg) in 1 L of water, adjusted to pH 5 with 1% sodium hydroxide solution.
Olive Oils. Fifty-four monovarietal and multivarietal olive oil samples were from different countries [18 Spain, 15 Photometric Determination of Total Phenol Content. A combined method of the procedures described by Beltrań et al. 12 and Mateos et al. 13 was used. Beltrań et al. determined the total phenol content by spectrometric detection at λ = 225 nm after isolation of the hydrophilic phenols. Mateos et al. developed a method for the direct determination of total phenols in olive oil using a pH gradient (5−13) and spectrometric detection at λ = 274 nm. This method is more selective for phenols, but there are solubility problems with sodium hydroxide, which is used for modifying the pH value of the solution of olive oil in 1-propanol. Therefore, a combined method using selective detection of total phenol contents at two different pH values (5 and 13) at λ = 274 nm after isolation was set up. This detection is more selective than the detection at λ = 225 nm, and after isolation, there are no solubility problems with sodium hydroxide in the polar extraction medium. Isolation of the hydrophilic compounds was performed by liquid−liquid extraction, because solid-phase extraction gives no better recovery at higher costs. 14 A 0.1 g amount of olive oil was dissolved in 3 mL of pentane and extracted with 5 mL of methanol:Briton-Robinson buffer (pH 5.2) (80: 20, v:v) . The absorbance of the polar phase was measured at λ = 274 nm. After this, the pH of the solution was adjusted to pH 13 by adding 150 μL of aqueous sodium hydroxide solution (1 g/100 mL). The absorbance of this solution was measured again at λ = 274 nm. The measure total phenol, which is a degree for the content of all summarized phenols in 1 g of olive oil, is calculated by the following formula:
with A 1 , absorbance at pH 5; A 2 , absorbance at pH 13; and m sample , weighted sample. Extraction of Hydrophilic Compounds. A 1.0 g amount of olive oil was dissolved in 5 mL of pentane and after adding 100 μL of internal standard solution (4-hydroxyphenyl acetic acid, 1 mg/mL in methanol) extracted with 5 mL of methanol:water (80:20, v:v). The pentane phase was discarded, and the polar phase was extracted with 3 mL of pentane for another time. The polar phase was directly used for HPLC-MS analysis.
HPLC-MS. The HPLC analysis was performed on an Agilent series 1290 liquid chromatographic system equipped with a 6538 UHD Accurate Mass Q-TOF. A pentafluorophenyl modified silica gel column [Luna PFP(2), 3 μm, 100 Å, 150 mm × 2.0 mm] (Phenomenex, Aschaffenburg, Germany) maintained at 30°C was used. Elution was performed at a flow rate of 0.3 mL/min, using a mobile phase of 0.1% formic acid (solvent A) and a mixture of acetonitrile/0.1% formic acid (90:10, v:v) (solvent B). The solvent gradient changed according to the following conditions: from 10 to 40% B in 5 min, to 50% B in 3 min, to 90% B in 2 min, 90% B hold for 4 min, to 10% B in 2 min, and reequilibration of the column for 5 min. The injection volume was 3 μL.
The HPLC system was connected to a time-of-flight mass spectrometer Agilent 6538 UHD Accurate Mass Q-TOF (Agilent Technologies, Santa Clara, CA) equipped with an electrospray interface operating in the negative ion mode, using the following conditions: capillary voltage, 4000 V; nebulizer pressure, 40 psi; drying gas flow rate, 10 L/min; gas temperature, 300°C; skimmer voltage, 50 V; octapole rf, 150 V; and fragmentor voltage, 130 V. LC-MS accurate mass spectra were recorded across the range of m/z 50−1000. The instrument performed the internal mass calibration automatically, using a dual-nebulizer electrospray source with an automated calibrant delivery system, which introduces the flow from the outlet of the chromatograph together with a low flow (approximately 5 μL/min) of a calibrating solution, which contains the internal reference masses m/z 119.03632 and m/z 966.000725. Optimal ionization conditions were evaluated by infusing 10 mg/L of 3-hydroxytyrosol in a mixture of methanol/0.1% formic acid (50:50, v:v). The instrument provided a resolution of at least 10000 (m/z 302). MS/MS spectra were obtained in negative ion mode. Fragmentation was performed using a fixed collision energy of 10 eV. The full-scan data were processed with Agilent Mass Hunter software version B.04.00.
Semiquantitative Analysis. 4-Hydroxyphenyl acetic acid was selected as an internal standard (IS) for semiquantitative analysis by HPLC-MS. This compound possesses structural similarity with the analytes and was already successfully applied in secoiridoid derivative quantification.
9, 16 The analytes were quantified by assessing the peak Table 1 . Peak resolutions were not good between all of the isomers, because of interconversion during analysis. Therefore, peak areas were determined as the sum parameter over all detected isomers of the analytes 15a−i, 17a−i, and 18b by integration over all signals with the same m/z value in a range of ±10 ppm (cf. Figure 1 ). The obtained quantification data have to be considered semiquantitative, because the different response factors of analytes were not determined due to the absence or limited availability of standard compounds. Furthermore, coelution may have resulted in ionization suppression or enhancement. However, the applied targeted metabolomics approach is suitable for a statistical differentiation between samples 19 and should facilitate the identification of substances that are important for bitterness and pungency and those that are not.
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Statistical Analysis. Determinations were carried out in single analyses. However, repeatability was evaluated by repetition of analysis (including extraction) of three samples for three times. The mean coefficient of variation for both methods is in all cases <20%. Correlation studies were performed using The UnscramblerX 10.1 software (Camo Inc., Oslo, Norway). Partial least-squares regression model optimization was performed based on minimization of the prediction error received by cross-validation. The presence of outliers in the sample set was evaluated after determination of the important variables. Seven samples were identified as outliers. For crossvalidation, the sample set (without the outliers) was divided randomly by the software into three groups of 16 samples. Calibrations were performed using different combinations of two of these groups. These calibrations were validated using the respective unused group. Finally, the best working model was also applied to predict bitterness and pungency of the outliers.
■ RESULTS
The results of the photometric determination of the total phenolic content show no satisfying correlation with the sensory evaluated bitterness (R 2 = 0.58) and pungency (R 2 = 0.42) (Figure 2a ,b). There are several oil samples with high total phenolic content but low bitterness/pungency intensity. Even if the correlation is conducted for olive oils from different countries separately, there is still no satisfying correlation. Correlation for olive oils from Spain (n = 18) results in R 2 = 0.76, for samples from Italy (n = 15) results in R 2 = 0.86, and for samples from Portugal (n = 10) results in R 2 = 0.74. The slope a of the regression lines differs strongly for the different countries (Spain, a = 0.59; Italy, a = 1.13; and Portugal, a = 0.73). This method does not seem to be able to predict olive oil bitterness/pungency for the investigated olive oils in our study as it is described in the literature. 12, 17 Another method is the direct correlation of decarboxymethyl oleuropein aglycon 9 or oleuropein aglycon 16, 17 contents with the bitterness and decarboxymethyl ligstroside aglycon content with pungency. 18 Therefore, these compounds were determined semiquantitatively by a profiling approach, and the contents were correlated with the bitterness/pungency as a starting point for method refinement in our study as well. The results are shown in Figure 2c −e. The correlation coefficient for the pair bitterness and oleuropein aglycon is R 2 = 0.36, and for bitterness and decarboxymethyl oleuropein aglycon, it is R 2 = 0.25. Both hydrophilic phenols show only a weak correlation with bitterness. Decarboxymethyl ligstroside aglycon shows a very weak correlation with pungency (R 2 = 0.12). Obviously, not only a single compound in olive oil is responsible for the sensory sensations bitterness and pungency. In conclusion, to predict bitterness and pungency intensities, the contents of all secoiridoids and their derivatives must be taken into account. Figure 2f shows the correlation between the sum of the contents of the secoiridoids and secoiridoid derivatives described in literature with bitterness. However, a better but still not significant correlation (R 2 = 0.46) could be obtained in this case. The reason for the poor correlation could be that there is at least one additional bitter/pungent compound in olive oil. Furthermore, the contribution of the different secoiridoids and secoiridoid derivatives to the total bitterness intensity is not identical and may vary significantly. Therefore, Table 1 . the key for successful prediction of bitterness and pungency of olive oil must be the identification of all relevant bitter/pungent compounds and the evaluation of individual weighting factors for these compounds.
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As a result, we decided to establish a HPLC-MS profiling method for hydrophilic compounds responsible for the bitterness/pungency in olive oil. Extracts of 54 olive oil samples of different origin [Spain, Italy, Portugal, Israel, Greece, California (United States), France, and Turkey] were Table 1 shows the detected compounds. Most of the compounds were described in the literature. 10 Beside the well-known secoiridoid derivatives oleuropein aglycon (nine isomers), ligstroside aglycon (nine isomers), decarboxymethyl oleuropein aglycon, and decarboxymethyl ligstroside aglycon, there are other compounds structurally related to oleuropein like methyl oleuropein (eight isomers), decarboxymethyl 10-hydroxyoleuropein aglycon (two isomers 14 Cortesi et al. detected a compound with m/z 255 by low-resolution MS, but no correlation to bitterness or pungency was established. 20 In the paper, which is only available in Italian, the compound is labeled as "aglicone oleoside dimethylestere" (oleoside dimethyl ester aglycon). Although a tentative structure is displayed, no further description is given for how this assignment was made. The characterization was solely based on in-source CID without dedicated precursor ion selection and interferences of coeluting compounds are likely. In contrast, we detected two isomers and performed a detailed structural characterization by highresolution, high-mass accuracy HPLC-TOF-MS/MS and nanospray-Fourier transform ion cyclotron resonance−mass spectrometry (FTICR-MS) in multistage fragmentation mode applying precursor ion selection.
There are two isomers 6a (t r = 7.07 min, m/z 255.0874) and 6b (t r = 7.75 min, m/z 255.0874) with the same accurate mass. Tentative identification was performed by calculating possible molecular formulas from accurate mass and interpretation of tandem mass spectrometric (MS/MS) data. The molecular formula calculated from m/z 255.0874 ([M − H] − ) is C 12 H 16 O 6 (relative mass error −0.1 ppm). MS/MS fragmentation patterns differ strongly for compounds 6a and 6b (cf. Figure 3) . Fragmentation of 6a indicates that the unknown compound is an elenolic acid derivative, because of its similarity to fragmentation of oleuropein aglycon and ligstroside aglycon (cf. Table 2 ). The MS/MS spectrum and the scheme of possible fragmentation pathway adapted from the fragmentation pathway of oleuropein aglycon described by Fu et al. 21 are shown in Figure 3A . The loss of one CH 3 − (m/z 185). Compound 6a could be tentatively identified as elenolic acid methyl ester based on these results. This cyclic form is in accordance with the structure proposed by Cortesi et al. 20 It is assumed that 6b is also an isomer of elenolic acid methyl ester, although the fragmentation pattern differs strongly from that of 6a. This assumption is based on the observance of interconversion of one isomer into the other between different analyses of the same olive oil sample. The MS/MS spectrum and the scheme of possible fragmentation are shown in Figure  3B Following the identification of possible phenolic compounds, semiquantitative data of the 25 identified compounds were correlated with sensory data by partial least-squares regression (PLS-R) to determine the influence of the different compounds on olive oil bitterness and pungency. In Figure 4 , the correlation loadings plot of the PLS-R model for bitterness is shown. Variables between the inner and the outer ring are highly correlated with principal component 1 (PC1) and/or PC2. Bitterness is highly positively correlated with PC1 (R = 0.79) and weakly positively correlated to PC2 (R = 0.33). Table  3 shows the correlation coefficients for PC1 and PC2. Compounds 3b, 5, 6a, 6b, 10, 11, 12a, 14, 15a−i, 16, 17a−i, 20a, and 20b show a strong positive correlation with bitterness, whereas compounds 1, 4, 9, 13, 18a, and 19 show a negative correlation with bitterness. Compounds 2, 3a, 7, 8, 12b, and 18b were only weakly positively correlated with bitterness. Variables 6a, 6b, 15a−i, 20a, and 20b are located closely together in the correlation loadings plot. Therefore, these variables have the same correlation with bitterness. Isomers 6a and 6b have the same bitter intensity. Compounds 20a and 20b are adducts of 15a and 15b; hence, it is not surprising that these variables show the same correlation with bitterness. The results for pungency are similar (cf. Table 4 ). The compounds that show a high correlation with bitterness and pungency should be mainly responsible for the bitter and pungent taste. After identification of these compounds, a multivariate regression model has to be evaluated using individual weighting factors for each compound, which takes into account the different bitterness and pungency intensities. Consequently, further regression models were computed using only compounds, which show a strong positive correlation with bitterness. The sums of the highly correlated isomers 6a, 6b, and the ligstroside aglycon species 15a−i, 20a, and 20b were used to reduce not relevant variation. Model optimization was performed by reducing the error of cross-validation (66% of the samples were used for calibration and 33% for validation). Best results were obtained using compounds 5, Σ(6a, 6b), 10, 11, Σ(15a−i, 20a, 20b), and 17a−i as variables. In Figure 5a , the results of the best performing PLS-R model [two PCs, R 2 = 0.8 (predicted vs measured), standard error cross-validation SECV = 0.3] are depicted. The predicted bitterness of the samples is plotted against sensory evaluated bitterness. These prediction results were obtained when the samples were used for validation. The model is able to predict the bitterness for most olive oils in the error margin of the sensory evaluation of ±0.5. Seven olive oil samples (marked with symbol +) were identified as outliers and left out for calibration, because the prediction error for these samples was always higher than for the other samples. The reasons for these discrepancies are not clear, but four of these samples had an off-flavor (fusty or wet wood), which may have hampered sensory evaluation of bitterness. Weighted regression coefficients are listed in Table  5 , and coefficients are similar for all six compounds. Elenolic acid methyl ester 6 and the secoiridoide oleuropein aglycon 17a−i and ligstroside aglycon Σ(15a−i, 20a, 20b) have the greatest influence on bitterness.
The same variables as for bitterness gave best results for prediction of pungency, but the results were inferior to those for bitterness (Figure 5b ). Regression coefficients of the best PLS-R model [one PC, R 2 = 0.7 (predicted vs measured), standard error cross-validation SECV = 0.4] for pungency are similar to the coefficients for bitterness, whereas decarboxymethyl oleuropein aglycon 11 and decarboxymethyl ligstroside aglycon 10 have a higher influence on pungency than on bitterness.
■ DISCUSSION
No correlation between the total phenolic compound content and the bitterness/pungency could be found. Evaluation of bitterness and pungency of olive oil by determination of the total phenol content is based on the assumption that all bitter and pungent compounds in olive oil are phenols or that their contents correlate with those of total phenolic compounds. The pattern of the different phenolic compounds in olive oil depends on variety and origin. Consequently, evaluation of bitterness by total phenol compounds content could only work with separate regression models for each variety and region of origin. This is indicated by the results of Mateos et al., 16 who found regression lines with different slopes for different varieties from Spain. In a similar way, a difference in the slopes of the regression lines for olive oil from Spain, Italy, and Portugal was observed in this work. Mateos et al. 16 found only poor correlation between total phenol content and bitterness for some varieties. This is in agreement with the findings by Angerosa et al. 1 and the results of this work. The nonphenolic compounds elenolic acid and elenolic acid methyl ester have to be considered in evaluating bitterness/pungency. In conclusion, an evaluation of bitterness/pungency of olive oil could not be performed by measurement of total phenolic compounds content alone, because elenolic acid and elenolic acid methyl ester would not be detected.
Several studies dealing with the evaluation of bitterness/ pungency of olive oil by HPLC methods have been described: Guitieŕrez-Rosales et al. determined the content of oleuropein aglycon, ligstroside aglycon, decarboxymethyl oleuropein aglycon, and decarboxymethyl ligstroside aglycon in 20 olive oils by HPLC-UV (280 nm). 9 They obtained best correlation between the content of decarboxymethyl oleuropein aglycon and decarboxymethyl ligstroside aglycon with bitterness intensity. Correlation was described by a linear function.
In a similar way, Mateos et al. used linear functions to describe correlations between quantification data of oleuropein aglycon, ligstroside aglycon, decarboxymethyl oleuropein aglycon, and decarboxymethyl ligstroside aglycon. 16 Interestingly, they came to the conclusion that oleuropein aglycon content showed the best correlation with bitterness intensity.
Siliani et al. found also the best correlation between oleuropein aglycon content and bitterness intensity. However, they used an exponential regression model for correlation. 17 Correlation between pungency intensity and content of these compounds were investigated by none of the authors. Andrewes et al. described decarboxymethyl ligstroside aglycon as "a key contributor to pungency". 18 The authors fractionated the ethanol/water (60:40) extract of olive oil by preparative HPLC. The fractions were sensory evaluated. The fraction containing decarboxymethyl ligstroside aglycon caused a strong burning sensation. However, a correlation between decarboxymethyl ligstroside aglycon concentration in different olive oils and their pungency intensity was not performed.
Correlations between one of these compounds and the bitter/pungent taste of olive oil could not be observed in our study. Contribution of the hydrophilic compounds in olive oil depends on variety and geographical origin of the olive fruits. 22 Hence, there should be no overall correlation between the different compounds. Because of this, evaluation of bitterness/ pungency by quantification of a single compound could not give satisfactory results. Guitieŕrez et al. set up a multiple linear regression using peak areas of four not identified peaks (HPLC-UV, 225 nm). 15 However, the limited number of only 10 olive oils and the absence of method validation show the preliminary character of this study.
In this work, the influence of 25 compounds detected in 54 olive oils was evaluated by correlation of semiquantitative data obtained by the profiling approach with sensory results. The best correlations show oleuropein aglycon 17 (sum of isomers), ligstroside aglycon 15, 20 (sum of isomers), decarboxymethyl oleuropein aglycon 11, decarboxymethyl ligstroside aglycon 10, elenolic acid 5, and elenolic acid methyl ester 6 (sum of isomers). A PLS-R model to predict bitterness and pungency of olive oil using contents of these six compounds could be set up. Compounds 10, 11, 15 , and 17 are well-known phenolic compounds, which were used for prediction of bitterness in several studies. However, contrary to the methods described in the literature, in this work, a multivariate regression model was set up. The different influences of the phenolic compounds on the bitterness and pungency are taken into account by using individual regression coefficients for each compound. In addition to the phenolic compounds, the nonphenolic elenolic acid and elenolic acid methyl ester show high correlation to bitterness and pungency. However, sensory attributes of purified compounds still have to be evaluated. For this reason, it is not clear whether the compounds cause a bitter and/or a pungent taste or not. Mateos et al. evaluated the bitter taste of components of the phenolic fraction of olive oil. 16 Elenolic acid showed no bitter taste in a concentration of approximately 0.25 mmol/L. However, elenolic acid was detected in even higher concentrations (median 2.2 mmol/kg olive oil) in this work. Furthermore, elenolic acid was obtained from oleuropein by hydrolysis with 0.5 mol/L sulfuric acid at 55°C, and thus, a transformation into a not bitter tasting isomer could have occurred. Oleuropein aglycon showed a high intensity of bitterness even in small concentrations (0.05 mmol/L). In further investigations the six compounds should be isolated from olive oil to evaluate their bitterness (and pungency).
No clear differentiation between the bitter and the pungent taste could be found in the distribution of the studied hydrophilic compounds. Sensory data of bitterness and pungency show a high colinearity caused by the fact that both sensations are generated in the same gustative papillae. 23, 24 However, there are oils that show significant differences in bitterness and pungency intensity, and especially these oils show high differences between predicted and sensory evaluated pungency. This suggests that there is at least one more compound causing only one of the sensory attributes. Therefore, future investigations will focus on the identification and characterization of these compounds in more nonpolar fractions of olive oils. 
